The 16s rFWA genes of Japanese Coxiella isolates obtained from various sources and geographical areas were directly sequenced by dideoxynucleotide chain termination methods in which Taq DNA polymerase was used. The levels of sequence similarity among Japanese, European, and American isolates were more than 99%, and the Japanese isolates were identified as Coxiella burnetii. C. burnetii strains isolated worldwide, including Japan, were found to be very similar.
isolated C. bumetii from an acute Q fever patient who returned from Canada in 1989, but could not determine whether this was an imported case or an indigenous case. Recently, To et al. (8) reported that C. bumetii had been isolated from raw milk and uterus swab samples originating from dairy cattle with reproductive disorders, aborted bovine fetus samples, mammary gland samples originating from healthy dairy cattle, and tick samples originating from pastures. Furthermore, Nagaoka et al. (5) isolated Coxiella strains from children that had Q fever and influenza-like symptoms. These isolates were identified based on electron microscopic observations, protein and lipopolysaccharide profiles on sodium dodecyl sulfate-polyacrylamide gel electrophoresis gels, PCR amplification data, and immunological reactivity with C. bumetii-specific antiserum (5, 8, 9 ), but were not analyzed genetically. The phylogenetic diversity of six species belonging to the family Rickettsiaceae, including C. bumetii, has been noted, and C. bumetii is a member of the y subdivision and is specifically related to the genus Legionella (10). Stein et al. (7) showed that all of the C. bumetii strains which they studied are highly related (>99%) on the basis of their 16s rRNA sequences, although they had different geographic origins and phenotypic characteristics, and that the genus Coxiella contains only one species, C. bumetii.
In this study, we genetically analyzed Japanese isolates obtained from various sources by determining their 16s rRNA sequences and compared these isolates to other established strains. Table 1 shows the sources of the C. burnetii isolates used, which were obtained from various sources and different geographical areas (5, 8, 9) . These isolates were propagated not only in the yolk sacs of embryonated chicken eggs but also in BGM cell cultures as described previously (8). Template DNA was extracted from a culture of each isolate infecting BGM cells by using an InstaGene DNA purification matrix (Bio-Rad, Hercules, Calif.) 
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TGATTCTGG-3') and reverse primer QR-RO (5'-CGGCCT CCCGAAGGTTAG-3'), which were designed by using the previously published 16s rRNA gene sequence of C. bumetii Q177 (GenBank accession no. M21291) (10). Each PCR was set up so that the mixture contained each deoxynucleotide triphosphate at a concentration of 200 mM, 1.5 mM MgCl,, 10 mM Tris-HC1 (pH 8.3), 0.01% (wt/vol) gelatin, and 1 U of Taq polymerase (Takara, Otsu, Japan), as well as each primer at a concentration of 0.4 mM, in a final volume of 25 ~1 . Aliquots (5 ~1 ) of DNAs extracted from Coxiella isolates were amplified with 35 cycles consisting of denaturation at 94°C for 1 min, annealing at 48°C for 1 min, and extension at 72°C for 2 min by using a model 2400 GeneAmp PCR System apparatus (PerkinElmer Cetus, Norwalk, Conn.). An amplified DNA fragment of the expected size (1,450 bases) was purified from a 2% low-melting-temperature agarose gel (Sea-Kem GTG; FMC, Rockland, Maine) by using a PCR DNA purification column (Takara suprec-01). The purified DNA was kept at -20°C for sequencing.
The amplicons were directly sequenced by the dideoxynucleotide chain termination method (11) with a dye terminator-Taqcycle sequencing kit by using a model 373A DNA sequencer (Applied Biosystems, Inc., Foster City, Calif.). The sequencing primers were chosen by using the sequence of human isolate 607; the sequencing primers used were primers QR-FO, SF319-338 (5'-TGAGACACGGCCCAGACTCC-3'), SF588-607 (5'-lTTAAGTCGGATGTGAAAGC-3'), SF863-882 (5'-GTI'A AGTTCTCCGCCTGGGG-3'), SF1 147-1 166 (5'-GGAGACT GCCGGTGATAAAC-3'), QR-RO, SR1189-1170 (5'-GACAT CATCCCCACCTTCCT-3'), SR829-8 10 (5 ' -ACAGCTAGTT CTCATCGTTG-3 ' ), SR564-545 (5 '-CCCAGTGATTCCGAT TAACG-3'), and SR257-238 (5'-ACCCCACCAACAAGCTA ATC-3'). (The numbers in the designations of the primers indicate the locations of the primers in the 16s rRNA sequence of isolate 607.) The sequences were aligned by using GeneticMac Automatic Connection of Sequences software (Software Development Co., Tokyo, Japan) and Genetic-Mac Genetic Information Processing software. All of the isolates tested produced a 1,451-bp amplicon with primers QR-FO and QR-RO. The 16s rRNA sequence of isolate 607, which was obtained from a patient who had influenzalike symptoms, was also determined by using primers QR-FO and QR-RO. The sequencing primers used were designed on the basis of the sequence determined, and the entire sequence of the amplicon was determined by repeating the primer walking procedure. The ten sequencing primers were also used to sequence three C. burnetii strains (Bangui VR730, Ohio, and GQ212) from Europe and North America and five isolates (lM, 27M, 50F, 58T, and 607) from Japan. The sequences obtained in this study were aligned with the 16s rRNA sequence of C. bumetii Q177 (accession no. M21291). All of the strains, including the Japanese isolates obtained from various sources and geographical areas, exhibited high levels of similarity (more than 99%) ( Table 2 ). The levels of sequence similarity among the test strains and Japanese isolates ranged from 99.1 to 99.9%. Interestingly, we did not find strains (including the five Japanese isolates) that had identical 16s rRNA sequences. The base substitutions observed are shown in Table  3 . We found 17 base substitution points in the sequences of the strains used in this study. The previously published 16s rRNA sequence of strain Q177 differed at several nucleotide positions from the sequences of strains Bangui VR730, Ohio, GQ212, lM, 27M, 50F, 58T, and 607 determined in this study. Only 12 nucleotide differences were found in the latter eight sequences, whereas 17 different nucleotides were found when the strain Q177 sequence was included. This result may imply that strain Q177 is unique.
This study revealed that the levels of sequence similarity among Japanese isolates and European and American isolates are more than 99%, and the Japanese isolates were identified as C. bumetii. C. bumetii strains isolated worldwide, including Japan, were found to be very similar, as previously reported (3, 7), and the genus Coxiella contains only one species, C. bumetii. Nucleotide sequence accession numbers. The accession numbers of the nucleotide sequences determined in this study are as follows: strain Ohio, D89791; strain 607, D89792; strain 58T, D89795; strain 50F, D89796; strain GQ212, D89797; strain Bangui VR730, D89798; strain lM, D89799; and strain 27M, D89800.
